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ABSTRACT 
A Spencer, man-objective microscope was used to view 
a marked slide. This was done succes s ively with three 
different eyepieces: monocular, parallel binocular, and 
convergent binocular. While viewing the slide, the 
position of accommodation was monitored with a stigmatic 
optometer which was viewed s uperimpos ed by the us e of a 
camera lucida prism. 
Several optometric tests were performed in th� usual 
clinical manner on each subject but none of these tests 
showed any significant correlation with the microscope 
image position .data. The means of all three eyepiece 
conditions differed from each other at a level not due to 
chance. The convergent binocular condition required more 
accommodation than the parallel binocular, and the mon­
ocular required the most of all. 
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INTRODUCTION 
Instrument myopia ( I M) as currently understood is a 
shift of the mos t distal clear f ocus of the eye from optical 
infinity to a point more proximal to the eye when looking in-
to an ins trument. Several theories have been proposed to 
account for this . Wald and Griffin, 1 believe that effort 
put forth to achieve the best acuity causes accommodation. 
2 3 4 Imbert ' and Nakabayashi and Katano cited the awarenes s of 
proximity in stimulating accommodation. Imbert
2 '3 s aid that 
"vision through a tube constitutes an obstacle to relaxing 
accommodation." The most popular theory appears to be that 
the eye, when free to f ocus, comes to a "rest" position which 
is not at infinity as formerly thought but at a pos ition 
nearer to the eye.5'6 '7'8 The "res t" pos ition is described 
as an equilibrium pos ition ''where the work from the pull of 
the ciliary muscle and the tens ion of the lens from the 
capsular molding are minimized.119 
Rep orts on the actual location of the focus vary. 
1 
Schober10 found t hat alt hough there was considerable variation 
between individuals, each individual was relatively const ant 
with a monocular eyepiece and even more constant with binoc-
ular eyepieces. 
Many variables have been reported which affect t he position 
of t he focused image. Imbert2'3 and Robin 11 found t hat in 
microscopes IM and variabilit y were more pronounced with lower 
magnification and Imbert 213 iound that hyperopes used more 
accommodation .than did myopes. Arnulf12 noted t hat t he pupil 
diameter also had an effect, larger pupils being associated 
wit h a great er degree of IM. Schober10 found IM  depended on 
t he direction in which t he microscope was focused . Less myopia 
was found if focusing from far t o  near. Ohzu and Shimojima13 
noted t hat t here was less variability when focusing out of plus 
blur. Shimojima14 also reported a d ecrease of I M  with d ark 
field microscopy. Age and instrument experience bot h have been 
reported t o  affect IM. Shimojima14 and Schober6 found a decrease 
in I M  with increasing age while Richards15 found IM t o  be slight ­
ly higher for people in their 20's and 4 0's. Wald and Griffin 
and Schober10 found a decrease in IM wit h more instrument ex-
perience. When binocular eyepieces .are used and convergence is 
variable Schober10 found IM  to incriase with increasing 
convergence. 
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METHODOLOGY 
A Spencer, man-objective microscope was used to view a 
marked slide. This was done successively with three different 
eyepieces: monocular ( M ON), parallel binocular (PB), and con -
vergent binocular (CB). While viewing the slide the position 
of accommodation was monitored with a stigmatic optometer 
which was view superimposed by the use of a camera lucida prism. 
Interpupillary distance was measured with a P.D. rule. 
The degree of stereopsis was measured by having subjects wear 
vectographic spectacles and respond to an American Optical 
Grolman's Test Card, thus measuring stereopsis down to eight 
seconds of arc. Records were also kept as to age of t he 
subjects. Several optometric tests were performed in the 
usual clinical manner. 
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ANALYSIS 
For ea�h set of microscopic image position data the 
following values were found and t abulated in Table 1: 
number of values, mean of sample, st andard deviation, st an­
dard error of mean, st andard error of st and ard deviation, 
maximum value, minimum value, range of values, and mode of 
sample. 
Analysis of t he data for possible correlations was per� 
formed with a program for multiple linear regression. As the 
t abulated results in Table 2 and Table 3 show, neit her any 
optomet ric t est ( Unfused Crossed Cylinder (14A), Fused Crossed 
Cylinder (148), Near Phoria Through 1 48 (158), Habitual Near 
Phoria (13A), Habitual Far Phoria (3 )) nor age, interpupillary 
dist ance or stereopsis showed any significant correlation wit h 
any of t he microscope image position test values. 
The means of t he MON (2.1300.) and CB (1.728D.) conditions 
differed by 0.402D. while t he st andard error of t he difference 
between two means was 0.2140. F rom t his a Z - v9lue of 1.882 
4 
is obtained. This Z corresponds to an� of 0.060 and a con-
fid ence le vel of 0.940; the difference between the MON and CB 
means is not due to chance. 
The means of the MO N (2.1300.) and PB (1.4910.) cond itions 
differed by 0. 6 400. while the standard error of t he difference 
between two means was 0.1940. From this a Z - value of 3.299 
is obtained . This Z corresponds to ano< of less than 0.010 and 
a confidence level of greater than 0.990; the difference be-
tween the M O N  and PB means is not due to chance. 
The means of the CB (1.7280.) and PB (1.4910.) condit ions 
differed by 0.2370. while the standard error of the difference 
between two means was 0.1850. From this a Z - value of 1.279 
is obtained . This Z corresponds to an cK of 0. 203 and a con-
fid ence level of 0.797; t he d ifference between t he PB and CB 
means is not due t o  chance. 
The CB (1.7280.) condit ion required more accommodat ion 
than the PB (1.4910.) condition and the MO N (2.1300.) re-
quired the most of all. The CB image was focused at 59.870 
cm. which is considerably closer than the point of conver-
gence of the CB barrels which was at 215.137 cm. for the 
average subject pupillary dist ance of 6 0.471 mm.. The dif-
ference b�tween the CB (1. 7280.) and PB (1.4910. ), condit ions 
was 0.2370., half the dioptric d ifference between their 
positions bf convergence, i.e. 0.465D .. 
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MICROSCOPIC IMAGE POSITION DATA - TABLE 1 
DATA FDR TAPE LABELED: MONOCULAR IMAGE POSITION 
Number of Values = 34 
Mean of Sample = 2. 130 
Standard Deviation = 0. 913 
Std. Error of Mean = 0. 157 
Std. Error of S.D. = 0. 11 1 
Maximum Value = 3.788 
Minimum Value = 0.451 
Range of Values = 3. 337 
Mode of Sample = 1 • 2 2 2 
DATA FOR TAPE LABELED: CONVERGENT BINOCULAR IMAGE POSITION 
Number of Values = 3 4  
Mean of Sample = 1 . 7 2 8 
Standard Deviation = 0. 850 
Std. Error of Mean = 0 .1 46 
Std. Error of S.D. = 0 . 103 
Maximum Value = 3. 590 
Minimum Value = 0. 270 
Range of Values = 3. 3 20 
Mode of Sample = 1.021 
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MICROSCOPIC IMAGE POSITION DATA - TABLE 1 CCONT.) 
DATA FOR TAPE LABELED: PARALLEL BINOCULAR IMAGE POSITION 
Number of Values = 34 
Mean of Sample = 1.491 
Standard Deviation = D.668 
Std. Error of Mean = o. 115 
Std. Error of s.o. = o. 0 81 
Maximum Value = 3.093 
Minimum Value = o. 27 3 
Range of Values = 2.820 
Mode of Sample = 2.033 
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CORRELATION COEFFICIENTS - TABLE 2 
Near 
Un fused Fused Phoria Habitual Habitual Convergent Parallel 
Crossed Crossed Through Near For Monocular Binocular IJ.inoculor 
Cylinder Cylinder 148 Phoria Phoria Eyepiece Eyepiece Eyepiece 
(14A) (148) (158) (13A) (3) AGE MON CB PB 
Unfused Crossed 
Cylinder ( 14A) I 1.000 .859 .247 .085 • 021 -.241 -.150 -.263 -.035 
Fused Crossed 
Cylinder (14B) I .859 1.000 .139 -.127 -.208 -.033 -.247 -.348 .004 .. �·-
Near Phoria 
Through 140 (150) I .247 .139 1.000 .785 .500 -.167 -.149 .090 -.043 
Habitual Near 
Phoria (13A) .085 -.127 .71;!5 1.000 .529 .025 .045 .180 .128 
Habitual Far 
Phoria (3) .021 . -. 208 .500 .529 1. DOD -.281 -.136 .104 -.200 en 
AGE -.241 -.033 -.167 .025 -.281 1.000 -.216 -.126 .148 
Monocular Eye-
piece MON I -.150 -.247 -.149 .045 -.136 -.216 1.000 .411 .408 
Convergent Binoc-
ular Eyepiece CB I -.263 -.348 .090 .180 .104 -.126 .411 1.000 .565 -
Parallel Binoc-
ular Eyepiece PB I -.035 .004 -.043 � 128 -.200 .148 .408 .565 1.000 
Stereo 
Inter-Pupillary 
Distance P.t 
Near 
Monocular 
Eyepiece 
MON 
Convergent 
Binocular 
Eyepiece ·CB 
Parallel 
Binocula.r 
Eyepiece PB 
CORRELATION COEFFICIENTS - TABLE 3 
Inter- Convergent 
Pupillary Monocular Binocular 
Distance Eyepiece Eyepiece 
Stereo At Near MON CB 
1 .000 -.134 .087 -.047 
-.134 1.000 .030 -.075 
.087 . 030 1.000 .444 
-.047 -.075 .444 1. ODO 
-.047 .036 .424 .557 
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Parallel 
Binocular 
Eyepiece 
PB 
-.047 
.036 
.424 
.557 
1.000 
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3. 
4. 
5. 
6. 
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8. 
9. 
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